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INTRODUCTION. 
Design and development of more efficient beef confinement facil­
ities and equipment are essential if projected demands for beef, 
estimated to increase by one-third during the 1970's, Gaardner (11) *, 
are to be realized. Confinement housing presents itself as a means 
of increasing efficiency by offering better opportunities for mechani­
zation and automation, and .more �ffective control of both feeding and 
environment of the animals. Moreover, confinement housing reduces 
seasonality, facilitates higher stocking densities, limits pollution 
problems, and allows better use of land resources . These factors in 
addition to the opportunity for producers to substitute �apital for 
labor make increased use of confinement �ousing attractive for the 
future . However, as stocking densities increase, environmental control 
assumes an increasingly important role in the design procedure. There­
fore, additional information, pertinent to specific operating con­
ditions, concerning environmental con�rol must be obtained and made 
available for use in the design of confinement housing. 
Livestock performance as affected by various environmental con­
ditions bas been the subject of considerable research. A comparison 
of beef cattle performance in open front pole-type and close environ­
ment structures in South Dak;ota revealed no significant differences in 
either average daily gains or feed conversion attributable to environment 
during the winter, while significantly higher averag� daily gains and 
*Numbers in parenthesis refer to literature cited . 
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feed conversions were attained by cattle finished in the pole-type 
unit during the summer period , Hellickson , Witmer , and Barringer (12). 
Compiled information has revealed that beef cattle tend to fatten well 
in a cold environment , noting that high temperatures are more detrimental 
to beef cattle performance than low temperatures, Kelly (15 ) . Cold 
weather conditions encountered in northern regions of the United States 
have not been shown experimentally to produce adverse effects on beef 
cattle production, Schulz (26). However , relative humidity in a beef 
unit should be maintained below 80 per cent for optimum conditions, 
Esmay (8), as high reiative humidity acc.ompanied by a high temperature 
and limited air movement creates an acutely uncomfortable and unhealthy 
�nvir0nment for livestock , Sainsbury (25). This information has been 
noted by many producers , resulting in the adoption of cold confinement 
cattle feeding systems. 
Information pertaining to means of environmental control in cold 
confinement beef units is limited.· Olson and Roth (21), in an effort 
to determine which aspects of environmental control required further 
research , surveyed beef producers in 21 states in the cold climatic 
regions of the United States . The most frequent responses concerning 
structures related research needs were: 
1) Condensation control in open front sheds. 
2) Methods of roof ventilation. 
3 )  Maximum building width for satisfactory natural ventilation. 
4) Draf't control in long,open front sheds. 
These responses indicate a definite need for research concerning proper 
natural ventilation procedures for open front beef confinement buildings. 
Ridge vent design and building orientation With respect to pre-
dominant �inds are two primary factors in�luencing the effectiveness 
of natural ventilation. Research concerning ridge vent design and 
building orientation as means of optimizing natural ventilation is 
inconclusive and incomplete. Therefore , a model study was conducted 
to study ventilation characteristics of a model open front beef con-
finement unit with the following objectives: 
. -
1) Evaluate the effects of ridge vent design and wind direction 
on air flow characteristics and temperature in a model of 
an open front beef building. 
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2) Develop prediction equations for the relationship between wind 
velocity and outlet velocity in a. model of an open front beef 
building. 
3) Develop prediction equations for the relationships between 
wind velocity and temperature difference in a model of an 
open front building. 
REVIEW OF LITERATURE 
Ventilation of Livestock Buildin11§._ 
Creation of a satisfactory environment within a beef production 
facility requires adequate air movement and minimal temperature fluc­
tuations within the building. These requirements can be satisfied 
through ventilation and insulation, Addison (1 ) .  Condensation is a 
major hazard of inadequate .ventilation and insulation. Deterioration 
of timber; corrosion of metal fittings and equipment, damage to insu­
lations, and a rise in relative humidity to unhealthy levels are direct 
results of condensation . Addison (1) noted that ventilation and insu­
lation are interdependent on one another for satisfactory results. 
Esmay (8) reported that during cold weather seasons animal heat 
production may be utilized to warm livestock buildings, but noted 
that latent heat production may cause problems in winter if the air 
exchange system is incapable of removing the excess moisture in the 
form of vapor to prevent accumulation and condensation, Feddes (9), 
studying the influence of slotted-floor and straw-bedded systems on 
moisture removed.by ventilation in Alberta, Canada, concluded that 
between 1/2 and 3/4 of the total moisture input into a beef confine­
ment unit is removed by ventilation. The location at which exhaust 
air was removed from the sy�tems appeared to have little practical 
effect on the amount of moisture removed by ventilation . 
Addison ( 1 )  reported that natura� ventilation is .. capable of 
providing sufficient air movement within farm buildings to prevent 
condensation, adding that successful natui�al ventilation is dependent 
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upon such factors as siting, elevation, degree of exposure, proximity 
of trees and other buildings, and local climatic conditions. Schulz 
( 26) indicated that sheds in northern :regions of the United States 
should be constructed with at least one open side to insure adequate 
natural ventilation. This agrees with research performed by Kelly (14), 
who stated that open or semi-open beef shelters with no air condi­
tioning usually have adequate circulation of air . 
Bruns, et . al. ( 5 )  stated that a good ventilation procedure requires 
a uniform distribution of fresh air throughout the building . Esmay (8) 
reported similar conclusions, adding that the objective of air distri­
bution is the prevention-of undesirable physiological responses from 
improper combinations of temperature, humidity, and air motion . 
Owen (22) studied the influence of air inlets and wind conditions 
on air movement in a livestock building . Velocity and direction of 
the incoming fresh air appeared to be the principal factors affecting 
airflow patterns at inlet velocities greater than 400 feet per minute 
( 121.9 meters per minute ) . Further research by Owen (22), revealed 
that the major patterns of air movement in clear span buildings.with 
· long slot inlets tend to be cylindrical and rotary and follow the 
building surfaces, but are subject to variation caused by obstructions 
within the building. Barre and Sammet ( 3) reported that the effec­
tiveness of an inlet opening depends chiefly upon its orientation with 
respect to wind direction. Owen ( 2 3) discovered that wind causes 
pressure gradients around buildings, creating problems of uneven air 
entry and possibly overventilation, if it blowsacross the top of a 
chimney-type ridge vent. 
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Dobson ( 6) concluded that a relationship existed between poor 
ventilation, wide spans, and stocking densities. Further investiga­
tion revealed that reducing stocking densities to less than 15 pounds 
per square foot (73.4  kilograms per square meter) and limiting the 
effective spans of buildings to not more than 40 to 45 feet ( 12. 2 to 
13.7 meters) would aid in alleviating the problem of poor ventilation. 
Model Studies of Ventilation 
Model studies have proven to be a valuable means of determining 
ventilation characteristics. Young (31) stated that similar models, 
systems which are similar in appearance to the prototypes but not 
identical to them, can be used to analyze ventilation problems, adding 
that the requirements of similarity may be met wlth dim nsional 
analysis. This agrees with research performed by Mitchell ( 18)  who 
reported that data obtained from model tests in wind tunnels are 
closely related to those for full scale structures. Pattie and Milne 
(24) found that a one-tenth scale poultry house was a reliable means 
of determining prototype airflow patterns and velocity distribution 
.. details. In a similitude study of inlet configurations, Smith and 
Hazen (27) concluded that inlet models successfully predicted proto­
type airflow characteristics, noting that geometric similarity of jet 
velocity profiles is obtainable if Reynold's number and inlet geometry 
are similar in the model and prototype. 
Froehlich ( 10), studying a one-s·ixth scale model. open front 
beef confinement building under natural conditions, concluded that 
ridge vent type significantly affected ridge outlet velocity for 
7 
wind velocities ranging from 0 to 40 feet P.er second ( O to 12. 2 meters 
per second ) . This agrees with research performed by Dybwad (7) on a 
one-twentieth scale model open front beef confinement building. It 
was further n oted that the reciprocal of Reynold's number could be 
utilized in predicting airflow variations. Water flume studies on 
models conducted by Mitchell (18) revealed that the best design for 
uncapped ridge extractors under Canadian conditions was a chimney-
like structure whose upstand was two to three times the opening width. 
The velocity of t he outgoing air in this type of ridge vent was suf­
ficient to prevent snow from entering the ridge. Ip a study of open 
ridge designs Mitchell (17) noted that turbulent flow patterns occurred 
beneath the ::.--id.gc opcr..ir..g, with the 9.IDOunt of tu:r-bulence decreasing 
as the opening was reduced. Addition of a ridge cap to open ridge 
models with or· without upstands increased the anrount of internal tur­
bulence beneath the ridge. Omission of ridge caps was recommended 
for areas where driven snow could be a problem. 
Pattie and Milne (24) indicated that ventilation airflow pattern 
and velocity distribution are governed by the air inlet configuration, 
with each type of inlet establishing a distinct airflow pattern and 
velocity.distribution. Airflow rate and Reynold's numbers of 0.2, 0.65, 
and 0.91 had no significant effect on airflow patterns of velocity dis­
tributions. Wilson and Bishop ( 29) rea
.
ched similar conclusions, reporting 
that variations in inlet veJocity had little effect on air distribution 
in a one-thirteenth scale broiler house. Weller, Heldman, and Esmay (28) , 
· studying inlet models in an air chamber, observed a definite region 
of high activity at the air inlet and a definite lack of activity 
below the inlet, indicating inadequate ventilation in this area . 
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Dybwad (7) reported that temperature difference between inside 
and outside conditions was significantly affected by ridge vent type. 
This is in agreement with research conducted by Froehlich (10) , who 
added that temperature difference decreased with increased wind 
velocities. Braud and Nelson ( 4) reported that little if any dif­
ference in roof temperature rise could be associated with changes · 
in roof slope from 3 : 12 to 5:12, adding that the eave height effect 
on temperature rise could be dismissed due to existence of higher 
wind velocities with increasing height. Wilson, et. al . (30)  deter­
mined that buoyancy forces were negligible if the temperature dif­
ference was 5 00 F ( 27 . 8° C) or less and wind velocity was greater 
than 800 feet per minute (243. 8 meters per minute ) . 
DETERMINATION OF PERTINENT VARIABLES 
This study was initiated to define the effects of ridge vent 
design and wind direction on ventilation characteristics and environ­
mental conditions of an open front beef confinement building. A 70 
foot by 96 foot ( 21 . 34 meters by 29 . 26  ·meters ) prototype with a 
capacity of 200 heef animals weighing 800 to 1200 pounds ( 363. 20 
to 544. 80 kilograms ) was selected for the study . For reasons of 
economy and ease of modification , a model , constructed in accordance 
with the principles of similitude and dimensional analysis with a 
geometric length scale of 2 0 ,  was utilized for the study. 
The rate of air flow through a ridge vent , which acts essentially 
as a 1:.ectangular orfice , is governed by gravitationai· force8, prop­
erties of building materials , temperature gradients , geometric rela­
tionships , and fluid properties such as density , dynamic viscosity, 
thermal expansion , and moisture content . Assuming that the same fac­
tors influence air flow in the model and prototype , a list of variables 
pertinent to this investigation was tabulated (Table 1 )  and reduced 
to a system incorporating the basic dimensions of force (F ) ,  length (L ) ,  
time (T ) ,  and temperature (e). The reiationship between the pertinent 
variables may be expressed in the form V0 = f (l , w , h , s , wo ,10 , Vw ,N , q , S , 
p , µ , r , l'it , g , c , k ) . Equation 1 
In accordance with tL2 Buckingham Pi Theorem ,  a group of dimen­
sionless and independent terms , pi terms , (Table 2 )  was derived ( 18 
variables minus 4 basic dimensions ) .  Characteristically· used rela­
tionships such as Reynold's number , the ratio of inertia forces to 
Variable 
No. 
1 .  
2. 
3 .  
4. 
5 .  
6 .  
7 .  
8 .  
10 . 
11 . 
12 . 
1 3. 
14. 
15. 
16. 
17 . 
18 . 
TABLE 1 
VARIABLES AFFECTING VENTILATION CHARACTERISTICS 
Symbol Description 
V0 Velocity of outlet air 
1 Building length 
w Building width 
h Building height 
s Rise of roof 
W0 Width of the outlet 
10 Length of the outlet 
t Temperature difference 
r 
q 
N 
p 
g 
c 
k 
(inside-outside ) 
·Moisture content, inside air 
Wind velocity 
Total animal heat production 
Animal density 
Coefficient of thermal expansion 
Inside air density 
Dynamic viscosity of the inside air 
Acceleration of gravity. 
Specific heat of building materials 
Thermal.co�ductivity of building 
materials 
Dimensional 
Symbol* 
L 
L 
L 
L 
L 
L 
e 
LT-l 
L2T-3 
FL-4T2 
e-1 
FL-4T2 
FL-2T 
LT-2 
L2T-2e-l 
FT-le-1 
*L, F, T and 8 are the basic dimensions of length, force, time and 
temperature, respectively. 
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TABLE 2 
LIST OF PI Terms 
Pi Term No . 
1. 
2. 
3. 
4. 
5. 
6. 
7,. 
8 .  
9 .. 
10 .. 
ll. 
12. 
13. 
14. 
Dependent Pi term 
(Pi terms concerning building materials and geometry) 
1T2 = w/l 
(Pi terms 
1T3 = h/l 
ir4 = s/l 
1T 5 = w0/l 
1T6 = 10/1 
n7 = cµ/k Prandtl number 
dependent upon environmental conditions ) 
1T 8  
1T9 
1Tl0 
1Tll 
1112 
1113 
1114 
= pVwl/µ 
= i3p2f3gllt/µ2 
= Vw2/gl 
= p/N 
= r 
= kllt/N1Vw3 
= qN12/kllt 
Reynold's number 
Grashof number 
Froude number 
Moisture content of air 
11 
12 
viscous forces, Froude number, the ratio of inertia forces to gravi-
tational forces, Grashof number, the ratio of buoyancy forces to 
viscous forces, and Prandtl number, which considers material prop-
erties, were utilized whenever possible. The relationship among pi 
terms can be expressed as
. 
fv
Vw
o) = f ·(� h � Wo 10 £!! cNwl 13p2SgAt Vw2 E 
\ 1 , 1 ' 1 ' 1 ' 1 ' k ' l1 ' µ 2 , gl 'N , kAt qN12) r 'Nl Vw3' kAt . Equation 2 
Since the functional relat�onship in Equation 2 is expressed 
in general terms, it is also applicable to any other system governed 
by the same variables. Thus it can be used to represent the model 
and can be wri·tten (Vol = f (� !! 2 Wo 10 cµ pVwl 13p2Sg.tit Vw2 · P as Vw m·>f 1'1'1' 1 ' 1 ' k ' µ ' µ2 ' gl 'N' 
. kAt qNl 2) r,
N1Vw3' kAt m 
Equation 3 
The requirements for geometric similarity of the model and proto-
type are established by design conditions 1 through 5 (Table 3), with 
1 
the geometric length scale n = �· Design condition 6 indicates that 
m ,, 
the moisture content of the air i·s the same in both model and prototype. 
At 1 The temperature scale, - = 
n
-''5' is established by design condition 7 .  Atm .J 
For n = 20,_this requirement could not be satisfied with existing facil-
ities and equipment. Distortion of TI9 such that TI9m = a1TI9 (al a dis­
tortion f�ctor) establishes a temperature scale equal to unity if a1 = 
n-3, allowing the experiment to be conducted under existing conditions. 
Design condition 8 justifies the use of the same materials in both model 
and prototype, making c = cm and k = l;n, if the same fluid is used in 
the model and prototype, i. e. µ = llm• The animal density scale 
*m - subscript referring to the model system 
13 
TABLE 3 
DEVELOPMENT OF DESIGN CONDITIONS 
No. Basic Equation 
Design Conditions 
l. 
2. 
3. 
4. 
5 . 
6 .  
(1)m = i 
mm=� 
(i)m = f 
(Wo) = � l m. l 
(\'.') m = lo 1 
8. (�t =� 
9• Wm=� 
10. 
ll. 
(qN1
2
) = qNl 2 
k6t m k6t 
(pVwl) = p Vwl µ m. µ 
i2• (v;i
2
) m = v;: 
13. 
308432 
w = n Wm 
11. = n 
h . m 
Wo = n wom 
:-:: n 
At _ 1 
Atm - n3 
p 
Pm 
q - 1 
qm - n
2 
Vw = ! .J2.. J:_ 
Vwm n Pm µm 
N l 
- -
Nm n 
. 2 (i!) 
SOUTH DAKOTA STATE UNIVE
RSITY LIB A ' 
lb k N ---ID or gm l · d 3 � = , is etermined from design condition 9. Sub-ft m3 Nm 
stitution of this requirement into design condition 10 establishes 
th · 1 h t . watts watts 1 q _ l e anima ea production -u;-- or� sea e, qm - n2
. Total 
animal heat production Q = qNV (V representing volume). The heat 
production scale thus become � = ..:i. . 1.� • V
V 
.
; 
= n and o = g. 
'<qJJ. qm 1fil m � n 
14 
When the heat production of cattle (2) is used, �becomes 8,400.30 
watts. To prevent overheating of the model n14 must be distorted 
such that n14m = a2n14 (a2 a distortion factor), resulting in a 
heat production scale of -9.. = � for a2 = -n
1 
qm n 
then becomes Q = � = 422.0 watts. m nc: 
Total heat production 
The wind velocity scale can be derived from design condition 
Vw 1 · 11, -:y- = n' based on Reynold's number, or from desjgn condition 12, 
wm Vw = nl/2, based on Froude number. Tests must be conducted before 
Vwm 
it can be determined which of these relationships exert a greater 
influence on airflow. Assuming that Reynold's number is dominant, 
Vw _ 1 the wind velocity scale becomes �- - - Design condition 13 must Vwm n· 
then be distorted such that ni3m = a3n13 (a3 a distortion factor), 
resulting in an animal density scale equivalent to unity 1L = 1 
Nm 
Assuming that Froude number exerts the greater influence, the 
wind velocity scale becomes Vw = n 1/2. This requires distortion of 
Vwm 
design condition 13 to n13m = a'3n13 (a•3 a distortion factor), 
resulting in an animal density scale equal to unity for a'3 = n-51
2. 
RESEARCH PROCEDURE 
A 1/20 size, scale model open front beef confinement building 
(Figure 1) constructed by Dybwad (7) was employed for testing. Design 
conditions listed in Table 3 established criterion for model design 
and construction. The model was constructed with the south side open 
and an eave inlet on the north side, with a geometric length scale (n) 
of 20. The ends were constructed of plexiglass while the roof and 
one side were made of 26-gauge galvanized sheet metal. Wood was used 
for trusses, purlins, and poles. 
The four ridge vents studied (Figure 2) were constructed in com­
pliance with design conditions·5 and 6. The 0. 2-inch (0.51 centimeter) 
ridge outlet corresponds to a 4-inch (10. 2 centimeter) outlet in the 
prototype. 
Animal heat production was simulated witnin the model. Total heat 
(422. 0 watts) was generated by six variable voltage heating elements 
spaced on the floor and covered with sand. Evaporation of 0. 34 pounds 
(0. 15 kilograms) of water per hour from the sand produced the required 
latent heat of 105.50 watts. 
The four wind directions investigated (Figure 3) were determined 
to be the predominant January wind directions at Huron, South Dakota 
from observations published by the Midwest Plan Service (16). 
All tests were performed in a laboratory of the Agricultural 
Engineering building at South Dakota State University. Dry bulb tem­
peratures at i5 locations inside the model and one location outside 
(Figure 4) were measured.with 24-gauge copper-constantan thermocouples 
16 
17  
I OPEN RIDGE VENT 
II BAFFLED RIDGE VENT 
OVERLAPPED RIDGE VENT 
COVERED RIDGE VENT 
Figure 2. Types of Ridge Vents. 
N 45° W N 22 . 5° W North 
\ 
Open Side 
S 22. 5 ° E 
Figure 3.  Plan View of Model Including Wind Direct ions Studied. 
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Figure 4 .  Plan View and Model Cross-section Illustrat ing Thermocouple Loc at ions 
at Animal Level. 
1--1 
\0 
and recorded by a 16-point strip chart recording potentiometer. A 
motor aspirated psychrometer was used to o�tain dry bulb and wet bulb 
temperatures inside and outside the model. Moisture content of the 
air {n12) was derived from dry bulb and wet bulb temperatures and the 
appropriate psychrometric relationships. 
20 
Wind velocities ranging from 0 . 0 to 32.5 feet per second {0 . 0  to 
9.9 meters per second) were provided by vane ax�al fans. Wind direction 
was altered by rotating the model with respect to fan discharge. Wind 
velocities outside the model (Vw) and through the ridge outlet (V0) were 
monitored with a hot wire anemometer and were manuaily recorded. 
Pi terms pertaining to building materials and geometry remained 
consta.n t during all tests while pj terms related to environmental con­
ditions varied. From recorded data, one dependent (w1) and seven 
independent (w7,ns,n9,n1o,n11,n13,n14, - Table 2) pi terms were calcu­
lated for each ridge vent, wind direction, and wind velocity combination. 
Multiple linear regression analyses were performed on both non-. 
transformed and logarithmic (loge) transformed data to analyze the rela­
tionships among pi terms. The relationships between wind velocity and 
temperature difference were established using polynomial regression 
analyses on nontransformed data and linear regression analyses on loga­
rithmic transformed data. Linear regression analyses of nontransformed 
data revealed the relationships between wind velocity and outlet velocity. 
These relationships were further studied using analysis of covariance 
to check for significant ridge vent and wind direction effects, and 
analyses of varianc� to test for homogenity of regressions. 
RESULTS AND DISCUSSION 
Wind velocity, outlet velocity, and dry and wet bulb temperature 
data are presented for the sixteen ridge vent-wind direction combina-
tions in Appendix C. 
Prediction equations relating outlet velocity to wind velocity, 
temperature difference ( inside minus outside) to wind velocity, and 
the dependent pi term ( V0/Vw ) to the independent pi terms ( Table 2.), 
were evaluated for each ridge vent-wind direction combination. While 
significant relationships were derived between outlet velocity and 
wind velocity, no signifi�ant relationship was established which con-
sistently predicted the dependent pi term in terms of any one of or 
any sinele t ,-,y-�� ..., .__ ........ - .  
noted that the reciprocal of Reynold's number, although inconsistent, 
proved to be the best predictor of the dependent pi term. 
Outlet Velocity 
Significant linear relationships between outlet velocity and wind 
velocity were established for each ridge vent-wind direction combination 
·· ( Table 4). Coefficients of determination ranged from 0. 5'72 for the 
open ridge vents with north winds, to 0.97 for the covered ridge vent 
with north winds. 
Outlet velocities, as influenced by wind direction and velocities, 
through the open, baffled, overlapped� and covered ridge vents, are 
illustrated in Figures 5 to 8, respectively· I 
TABLE 4 
RELATIONSHIPS BETWEEN OUTLET VELOCITY, (V0), 
FT/SEC, AND WIND VELOCITY, (Vw)·, Fr/SEC 
Wind Type of 
Direction Ridge Vent 
North I Open 
II Baffled 
III Overlapped 
IV Covered 
N 22. 5° W I Open 
II Baffled 
III Overlapped 
IV. Covered 
N 45° w I Open 
II Baffled 
III Overlapped 
IV Covered 
S 22.5° E I Open 
II Baffled 
III Overlapped 
IV Covered 
++Significant at the 5% level 
*Significant at the 1% level 
**Significant at the 0.1% level 
Equation 
Vo = 1. 755 + 0.135 Vw 
Vo = 0. 052 + 0.272 Vw 
Vo = 0.197 + 0.304 Vw 
Vo = 0. 052 + 0.168 Vw 
Vo = 1.612 + 0.147 Vw 
Vo = 2. 512 + 0. 163 Vw 
Vo = 2.320 + 0.103 Vw 
Vo = 0. 596 + 0.122 Vw 
Vo = 1. 022 + 0 .142 Vw 
v = 1. 747 + 0.158 v 0 w 
Vo = 1. 924 + 0. 166 Vw 
Vo = 0. 757 + 0. 082 Vw 
Vo = 1. 959 + 0. 262 Vw 
Vo = 1.991 + 0.376 Vw 
Vo = 2.109 + 0. 188 Vw 
Vo = 1. 873 + 0.200 Vw 
22· 
Coefficient of 
Determination 
++ R2 = 57.2% 
** R2 = 92. 9% 
* R2 = 90.1% 
** R2 = 97. 0% 
** R2 = 92.0% 
** R2 = 91.2% 
* R2 = 84.7% 
* R2 = 89.4% 
++ R2 = 57.7% 
++ 
R2 .,_ 66.1% 
++ 
R2 = Y' r. .., qf U/. J.10 
+ R2 = 62 . .6% 
** R2 = 95. 0% 
* R2 = 90. 4% 
* R2 = 87. 7% 
* R2 = 93-7% 
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Outlet velocities produced by the open ridge vent ranged from 
5.4 feet per second (1 . 55 meters per second ) to 10.0 feet per second 
(3.05 meters per second ), for north and S 22.5° E winds, respectively, 
at � 32.5 feet per second (9.90 meters per second ) wind velocity. 
The baffled ridge vent produced outlet velocities ranging from 7.0 
feet per second ( 2 .13 meters per second ), to 12. 5 feet per second ( 3. 81 
meters per second ) , for N 22.5° W and north winds, respectively, at 
wind ve�ocity of 32.5 feet per second (9�90 meters per second ). Outlet 
velocities from 6. 8  feet per second (2.07 meters per second ), to 10.0 
feet per second (3.05 meters per second ), were produced by the over­
lapped ridge for 32.5 feet per. second (9.9 meters per second ) winds 
from N 45° W and north, res re ct i vely::. whi.l e the covered ridge vent 
caused outlet velocities from 3.0 feet per second (0.91 meters per 
second ) for N 45° W winds, to 7.5 feet per second (2.29 meters second ) 
for S 22.5° E winds, at the same wind velocity. 
Winds from S 22.5° E tended to produce the highest outlet veloc-
ities for the open, baffled, and covered ridge vents, while N 22.5° W 
winds produced the greatest outlet velocities through the overlapped 
ridge vent for wind velocities below 21.0 feet per second, and north 
winds caused the greatest outlet velocity at higher wind velocities. 
The least outlet velocities in all ridge vents tended to be produced 
by N 45° W winds. 
Statistical analysis revealed that wind direction had a significant 
effect on outlet velocity. Wind direction and velocity influences on 
outlet velocity, for the four ridge vents, are illustrated in Figure 9 .  
Orthogonal comparisons for homogenity revealed no signifi.cant difference 
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in  the effect s  on outlet veloc ity of N 22 . 5° W and N 4 5° W winds but 
showed a s i gnifi c ant difference between North winds and a combinat ion 
o f  N 22 . 5 ° W and N 4 5° W winds , and showed that S 22 . 5 ° E winds pro­
duced s i gni ficantly higher outlet veloc it ies  than a combinat i on of north , 
N 22 . 5° W ,  -and N 4 5° W winds . 
Ridge vent and wind veloc ity influences on outlet veloc it ie s  for 
north , N 22 . 5° W , N 4 5° W, and S 22 . 5 ° E winds , are i llustrated in 
Figures 10 t o  13 , respectively . Outlet velocities ranged from 3 . 0  
feet per second ( 0 . 91 meters per second ) produc ed by t he covered ridge 
vent to 12 . 5  feet per second ( 3 . 81 met ers per secon4 ) , c aused by the 
baffl ed ri dge vent , for N 4 5° .W and S 22 . 5° E winds , re spectively , at 
a wind vela ity of 32 - 5  feet per sec on d ( 9 . 90 met ers per second ) .  
The overlapped r i dge vent tended to c ause the highe st outlet velocit i es 
for north , N 22 . 5° W ,  and N 45° W winds , while the baffled ri dge vent 
allowed t he highe st outlet veloc it ies for S 22 . 5 ° E winds exc eeding 
0. 8 feet per second ( 0 . 24 met ers per second ) . The c over ed ridge ven� 
produced the least out let velocity for north , N 22 . 5° W ,  and N 4 5° W 
winds , and for S 22 . 5° E winds below 20 . 0  feet per secon d  ( 6 . 10 meter s 
per second )  . 
Ridge vent geometry s igni fi cantly affect ed outl et veloc ity , with 
the relat ionship between ridge vent geometry and out l et veloc ity for 
all wi nd direct ions pre sented in Fi gure 14 . Orthogonal compari sons 
for homogenity revealed no � ignificant di fference in the effect s of t he 
baffled and overlapped ridge v�nts on outlet velocity but showed that 
the open ridge vent produc ed signi ficantly lower out let veloc it ies  than 
di d a c ombinat ion of the baffle d and overlapped ridge vent s ,  and also 
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revealed that s igni fi cantly lower outlet vel ocit ies were produced by 
the covered r i dge vent than by a combination o f  the open , baffled, 
and overl apped r idge vents. No si gni ficant i nteractions were found 
to exist between wind direction and ri dge vent geometry i nfluences 
on outlet veloc ity. 
Vent i l ation d i stri bution in the model was analy z ed at a wind 
velocity o f  3 . 3 feet per second ( 1 . 0  meter per second ) , using smoke 
candles . Fi gures 1 5  and 16  illustrate venti lat ion d i str i butions pro­
duced by t he baf fled ridge vent for north and S 22 . 5° E wi nds, respec­
t i vely . A i r  flow out of the model occurred predom inantly through the 
r idge opening or out the open front , a�er follow ing the underside o f  
t h e  ro0f . �forth 1-rir.. d2. ?.ppear e d.  t o  r;i ve a h i. ghe"Y' }! erC' en t Fi gP. 0 f  th e 
out�low through the ridge opening than di d the other wi nd directions , 
while S 22 . 5° E winds appeared to produce the hi ghest percentage o f  
a i r  exi ting through the open front . The most air movement was noted 
near the r idge opening and along the underside o f  the roo f for all 
r idge vent-w ind d irection combi nati ons , with S 22 . 5° E wi nds produci ng 
addit ional movement around the peri meter of the model. Very li ttle 
activity o c curred in windward corners or directly beneath the eave 
i nlet and l imited ai r movement was noted at an imal level . 
A compar i son was made between actual outlet veloc ity and an ideal 
outlet velocity ( one which would prevent condensati on ) for winter des ign 
condi ti ons at Huron , South Dakota , -17 F and 71% relat i ve humidity, ( 2 ) . 
The calculated i deal outlet velocity of approximately 2 0  feet per second 
( 6 . 10  meter� per second ) was never realized in the model, yet conden­
sat ion was not observed . Ai rflow out the open side, in ·conj unction w i th 
Open 
Si de 
Plan View 
Figure 15. · .Vent ilat ion Di stribut ion Patterns with a North Wind and the Baffled 
Ridge Vent . 
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w -l 
38 
the higher moi sture holding c apac ity of the air encountered during 
test ing provided the additional moisture removal required to prevent 
condensat i on . 
Temperature Di fference 
Si gn i fi cant predi ction equations relating t emperature di fference 
to wind veloc ity were established for each of the ridge vent-wind 
direct ion c ombi nat ions ( Table 5 ) ·-. Coeffi cient s o f  determination r anged . 
from 0 . 37 for the baffled ri dge vent with S 22 . 5° E winds ; to 0 . 8 58 
for the c overed r idge vent with north winds . These relationships 
proved to be meaningl es s for wind veloc it i es below approximately 2 . 5 
feet per second ( 0 . 76 meters per second ) , _ due to  the exc e s sive slopes 
of the regres ·sion lines ( Figures 17- to 24 ) at wind veloc it i e s  belm·;r 
this level . Temperature differenc es for north winds o f  8 . 2  feet per 
sec ond ( 2 . 5  met ers per secon d ) , were 3 . 7 F ( 2 . 0  C ) , 4 . 3  F ( 2 . 4 C ) , 
5_.2 F (2. 9 C ) , and 6 . 2 F ( 3 . 5  C ) , for the open , baffle d , overlapped ,  
and covered ridge vent s ,  re spectively . Wind veloc ities o� 2 3 . 0  feet 
per second ( 7 . O meters per second ) , from N 22 . 5 ° W produc ed t emperature 
differenc e s  of 4 . o  F ( 2 . 2  C ) , 3 . 4  F ( 1 . 9  C ) , 2 . 6  F ( l . 4  C ) , and l . 8 F 
( 1 . 0  C )  for the open , baffled , overlapped , and covered ridge vent s , 
re spect ively. Temperature differenc es of 2 . 3  F ( 1 . 3 C ) , 3 . 7  F ( 2 . 1  C ) , 
3 . 9 F ( 2 . 2  C ) , and 4 . 6  F ( 2 . 6 C )  were produced by the open , baffled ,  
overlapped , an d  covered ri dge vents , respect ively , for N � � 5 °  W winds 
at 23 . O feet per second ( 7 .  O m�ters per second ) .  Winds :from S 22 . 5 °  E 
at a veloc ity o f  4 . 9  feet per secon d  ( 1 . 5 meters per second )  produced 
t emperature di fferences  of 2 . 4· F ·( 1 . 3  C ) , 2 . 5  F ( 1 . 4  C ) ,  4 . 5  F ( 2 . 5 C ) , 
39 
TABLE 5 
RELATIONSHIPS BETWEEN TEMPERATURE DIFFERENCE 
( �t ) ,  F '  AND wnm VELOCITY , ( Vw ) ,  FI'/SEC 
Wind Type o:f 
Dire cti on Ri dge Vent 
North I Open 
II Ba.f.fled 
I I I  Overlapped 
IV Covered 
N 22 . 5 ° W I Open 
I I  Ba.f.fled 
III  Overlapped 
IV Covere9. 
N 4 5° W I Open 
II Ba ffled 
III OvcrlappcG. 
IV Covered 
s 22 . 5° E I Open 
II Ba.f.fled 
I I I  Overlapped 
IV Covered 
+Sign i .fi c ant at the 10% level 
++Sign i .fi c ant at the 5% level 
. . *Signi .fic ant at the 1% level 
**S igni.fi c ant at the 0 . 1% level 
�t 
M 
flt 
flt 
flt 
flt 
flt 
flt 
�t 
At 
flt 
flt 
flt 
flt 
flt 
flt 
Coe.f.fi cient of' 
Determinat ion 
= 37 . 72 vw-0 . 88 ++ R2 = 58 . 1% 
= 74 . 64 vw-1 . 28 * R2 = 85 . 4% 
= 28 . 71 vw-0 . 70 * R2 = 83 . 3% 
= 27 .°27 Vw-0 . 63 * R2 = 85 . 8% 
= 21 . 34 
.
vw-o . 48  ++ R2 = 71 . 3% 
= 28 . 78 vw-o . 64 * R2 = 87 . 5% 
= 38 . 90  vw-0 · 84  * R2 = 85 . 2% 
= 64 . 28 vw-1 . 65 ++ R2 = 70 . 8% 
= 82 . 66 vw-1 .  30  · ++ R2 = 64 . 6% 
= h 3 . 70 vw-o . 84 * R2 = 79 , 5% 
= 29 . 50 Vw-0 • 65 * R2 = 77 - 3% 
= 15 . 36 vw-o . 4 o + R2 = 38 ,. 5% 
= 20 . 37 - 2 . 85 Vw ++ R2 = 49 . 0% 
= 16 . 87 - 1 . 46 Vw + R2 = 37 . 0% 
= 17 . 66 - 1 . 69 Vw ++ R2 = 52 . 0% 
= 16 . 95 - 1 . 33 Vw * R2 = 49 . 0% 
and 5 . 9  F ( 3 . 3 C ) , for the open , baffled , overlapped , an d  covered 
ridge vent , respectively . 
4 o 
Temperat ure differences , as influenced by wind  veloc ity and r idge 
vent geometry , for north,  N 22 . 5° W, N 4 5° W, and S 22 . 5 ° E winds· , 
are illustrated in Fi gure s 17 to  20 .  The open ri dge vent cau s ed the 
least t emperatur e di fference for S 22 . 5° E winds , and .for N 4 5 0  w 
winds exc eeding 6 . 0  feet per sec ond ( 1 . 83 meters per second ) .  The 
baffled ridge vent gave the lowest temperature di fferenc e for north 
winds exceeding 5 . 5  feet per second ( 1 . 68 met ers per second ) , while  
the covered ridge vent produced the least temperature di fference  for 
N 22 . 5° W winds exceeding 4 . 0 . feet per second ( l . 22 met e rs per second ) . 
The large st t emperature difference was produced by the c overed ridge 
vent for S 22 . 5 ° E winds , and for north and N 45 ° W winds exc eeding. 
4 . 5 feet per second ( l . 37 meters per second ) ,  re spect ively . The open 
ridge vent gave the hi ghest temperature difference for N 22 . 5 ° W winds 
exc eeding 6 . 5 feet per second ( 1 . 98 meters per secon d ) . 
Temperat ure differenc es for the open , baffled , overlapped ,  and 
cove red  ridge vent s ,  as affected by wind veloc ity and direction , are 
presented i n  Figures 21 to 24 , respect ively . Winds from · s 22 . 5° E 
pro duced the least t emperature di fferenc e for t he open ridge vent , and 
for the baffled , overlapped ,  and covered ridge vents at wind veloc it ies 
exceeding 8 . 5  feet per second ( 2 . 5 9 meters per second ) ,  5 . 2  feet per 
second _ ( l . 60  meters per second ) ,  and 10 feet per secon d  ( 3 . 05 meters 
per second ) , re sp ect ively . The largest t emperature di fference s  for the 
open and ba ffled ri dge vents were produced by N 22 . 5° W winds exceeding 
4 . 5  feet per s ec on d  ( 1 . 37 meters per second ) ,  and 8 . 0  fe�t per second 
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Baffl ed Ridge Vent 
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Figure 23 . Temperature Difference
.
as Influenced by Wind Direction and Wind Veloc ity ; 
Overlapped Ridge Vent . 
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Figure 24 . Temperature Differenc e as Influenced by Wind Direct ion and Wind Veloc ity ; 
Covered Ridge Vent . 
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( 2 . 44 meters per second ) , respect ively . The overlapped and c overed 
. ridge vent s produced the largest temperature differenc es for N 450 W 
winds exc eeding 4 . 0  feet per second ( 1 . 22 meters per s econd ) , and 9 . 5  
feet per second ( 3 . 5 3 meters per second ), respectively . 
Temperature di fference an d  outlet velocity presented oppos ing 
t rends with respect to wind velo city . Outlet velocity increas e d  as 
wind veloc it y  increased,  whil e temperature differenc e decreased with 
increasing wind velocities . The ideal desi gn would incorporate both 
high out let velo cities  and hi gh temperature di fferences , a combination 
which does not oc cur under normal conditions  in naturally vent ilated 
buildings . Removal of excess moi sture is  a maj or funct ion o f  venti­
lat ion , whil e  mai ntaining a temperature difference i s  a secondary con­
si derat ion . For thi s . reason , th e product ion o f  high outlet velocitie s 
should be consi dere d  as the dominant criterion for ri dge des i gn . 
A compari son o f  ri dge vent types reveals that , while the covered 
ridge vent o ffers sl ight advantages in terms of t emperature di fference s , 
it i s  dec idedly inferior to  the open , baffled , and overlapped ridge 
vents  i n  terms of outlet veloc it ies . Thi s indi 9ates  that some type 
of  les s  re strictive ridge outl et is advantageous for natural ventilation 
practice s .  It  should be noted that each ridge vent performed differently 
for each wind direct ion . For thi s reason , - predominant wint er wind 
di rect ions s hould be considered when selecting a ridge vent , s ince 
performance during the coldest weather i s  the most c riti cal . 
Di stort ion e ffect s applied during thi s res earch need to be eval­
uated by analyzing model s  of different si zes or by applying the pi t erm 
f'unct ional relat ionships to a prototype , as stat ed by Murphy ( 19 ) .  
However ,  t he presenc e o f  di stortion and the fact that it bas not been 
defined does not inval idate the results o� thi s study . 
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CONCLUSIONS 
The following conclusi ons were indicated by this study : 
l .  Ridge vent de sign had a significant effect o n  outlet velocity . 
2 . The baffled ridge vent produced the highe st out let veloc it ie s  
when al l  wind direct ions were considered , whi l e  th e covered 
r idge vent produced the l east outlet velocit i es . 
3 .  Wind di rect ion with re spect to building orient at ion had a 
s igni fi cant effect on outlet veloc ity . 
4 .  Winds from S 22 . 5° E t ended to produce the highe st out iet 
veloc ities  and the least temperature di fferences , and c reat ed 
un sat i s factory a.i r dist ributions at a.11.i mal level . Winds from 
N 4 5° W generally produced the least outlet velo cit i e s . 
5 .  S i gn i ficant linear relationships were developed between outlet 
velocity and wind veloc ity for the 1 6  ridge vent-wind direction 
c ombinat ion s .  
6 .  The covered ri dge vent tended to produce the large st t emperature 
di fferenc es , while no s ingle ridge vent c on s i st ently produced 
t he least temperature difference for the four wind directi on s . 
? 
7 .  Although t he covered ridge vent produc ed the large st t empera-
ture differences , the as soc iated low outlet velo c ities  make 
it the least de s irable of the four ridge vent s t e st ed . 
8.. The s imultaneous variat ion of the pi terms controlled by 
environment al condit ions prevented defining funct ional rela­
t ionships between the model and prototype . However , the result s 
obtained for the model are st ill val id . 
SUMMARY 
Inc re ased e ffi c iency , in conj unct ion wit h bette r  c ontrol o f  
feeding , environment , and pollut ion , has hast ened t h e  t r end t oward 
confinement hous i ng for beef pro duct ion . However , i n format i on pertai n ing 
to the de si gn of n atural vent ilat i on syst ems for c o n finement hous ing 
i s  limite d ,  e spe c i ally with respect to ridge vent de s i gn and buil ding · 
ori ent at ion . The re fore , a mode1 study was condu cted to evaluat e the 
effe ct s  of ridge vent de s i gn and wind dire ct i on on vent i lat ion charac­
teri st i c s  and l ive st ock envi ronmental c ondit i on s . 
Employ i n g  t he princ iples of similitude and dimen s ional an alysis , 
14 dimen s ionl e s s  groups ( pi t erms ) wer e e st abl i shed ,  r epre s ent ing flui d 
prop�rt ies and buildine eeometry of a model open �ront b e e f  con fi nement 
building . A s er i e s  o f  t e st s  were conduct e d  t o  det ermine the e ffe ct s 
of ridge vent de s i gn , wi nd di rect ion , and wind velo c ity on vent ilation 
characteri st i c s  and e nvi ronmental condit ions . 
Result s i nd i c at e d  that ridge vent des i gn  and win d  direc t i on sig­
nificantly affe c t  outlet veloc ity , and that outlet vel o city i s  l inearly 
relat e d  to wind velo city . S i gnificant relat i on s hips for pr edi cting 
t emperat ure dif fe re n c e  from wind veloc ity wer e  developed us i ng polynomi al 
regre s si on and l inear r egre s s i on analyses on trans forme d ( loge ) data . 
Temperature di fferenc e c on s istently decreased as wind velo c ity increased . 
Although numerous i n c on s i st enc ies were noted in vent i l ation syst em per­
formanc e  for t h e  vari ous ri dge vent-wind dire ct i on s  c ombinat ions studied ,  
general ly bett er performanc e was not ed with the baffl ed ri
dge vent and · 
c on s i st ent ly poorer per formanc e was not ed for the c o
ver ed ridge vent . 
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APPENDIX A 
LIST OF SYMBOLS 
Symbol 
c 
g 
h 
k 
1 
m 
N 
n 
Q 
q 
R 
r 
s 
At 
w 
Li st of Symbols 
Description 
Spe cific  heat of building mater i al s , watt-hr/kg . C  or 
watt-hr/lb · F  
Acc elerat ion of gravity,  ft /sec2 o r  m/ sec2 
Building height , ft or m 
5 8  
Thermal conductivity o f  building materials , watt-in/ft2 · F 
or watt- cm/m2 . c 
Building length , ft or m. 
Length of ridge outlet , :rt or m 
Sub script , designates the model system 
Animal density , lb/ft 3 or kg/m3 
Froude number 
Grashof number 
Reynold ' s  number 
Geometric  length scale 
Heat product ion per hour ,  watt s 
Total animal heat production , watt s /lb or watt s /kg 
Regressio n  coefficient 
Moisture content of ins ide air 
Ri s e  of roof,  :ft or m 
Temperature di fference ( inside-out si de ) , F or C 
Outlet veloc ity through the ridge vent , rt / s ec or m/sec 
Wind veloc ity , :ft /sec or m/sec 
Building · width , :ft or m 
Symbol 
8 
� 
p 
Des cription 
Width of ri dge outlet , � or m 
Di stortion factor 
Coe ffi cient of thermal expan sion Y-1 o r  c-1 
Dynamic viscosity of the air , lb/ se c - ft or kg/sec . m  
Air dens ity , lb/ ft3 or kg/m3 
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CALCULATIONS FOR HEAT REQUIREMENTS 
Prototype housing requirement s :  200 head or  Boo pound ( 36 3 . 2  kg ) bee f  
Qt ( t ot al  heat ) = B44 . o watt s/Boo pound bee f  ( 2 )  
� = ( 844 . 0 watt s ) ( 200 head ) 
� = 168 , 800 watt s 
Q1 ( latent heat ) = 211 . 0 watt s /800 pound bee f  
Ql 
= ( 211 . 0 watt s )  ( 200 head ) 
Ql 
= 42 ,200 watt s 
Applyin g  distort ion factors °'2 -- = 1/n to design condit ion 1 0  results 
in the heat product ion scale for the model : � = Q/n2 , where n = 20 
and m i s  a subscript designating the model . 
'km ( t ot al heat for the model ) then become s : 
Qtm = Qt /n2 
Qlm ( latent heat 
· Qtm 
= 168 , 000 watt s / 4 00 
Qtm = 422 . o · watt s  
for the model ) then becomes : 
Qlm = Q1 /n2 
Qim = 42 , 200 watt s/400 
Qlm 
= ( 105 . 5 watt s )  ( 0 . 0032 pounds o f  wate r/watt-hr ) 
Q1m = 0 . 34 pounds of  water per hour 
Qlm = 0 . 15 kilograms or water per hour 
· APPENDIX C 
OUTLET .AND WIND VELO CITY , OUTSIDE AND INSIDE TEMPERATURE , 
AND OUTSIDE AND INSIDE WET BULB TEMPERATURE 
TABLE 1 
VELOCI!I-TEMPER\TURE DATA 
W t  N o· V E LOC l T Y  OU T L E T  V E L O C  I T V  O U T S I D E O R Y  B U L B  I N S I D E O R Y  BU L B  OU T S I D E  W c T  3ULB l � S  ! OE W E T B U L B  
T E M P E R A T UR E  T E M P E RA T U R E  T E M P E R A r U R E T E :-1 P E R .\  T U R E  
F P S  M P S  F P S  MP S D E G  F D E G  C D E G  F D E G  C D E G  F D E G  C D E G  F D E C  C 
-:... 
O P E N  R I D G E  V EN T , N O R T H  W I NO 
o . o  o . o 0 . 49 0 � 1 5 8 5 . 0 2 9 . 4 9 2 . 4  3 3 . 5  6 6 . 5  1 9 . 2  74 . 0 2 3 . 3  
3 . 2 8 l . o o  0 . 49 0 . 1 5  8 7 . 0  3 0 . 6 1 0 9 . 2 4 2 . 9 7 5 . 0  2 3 . 9 
4 . 9 2 1 . s o  3 . 3 1 1 . 0 1  1 0 . 0  2 1 . 1  7 9 . 9  2 6 . 6  5 0 . 0  1 0 . 0 5 7 . 0  1 3 . ?  
6 . 5 6 2 . 0 0  2 . 0 0 0 . 6 1 8 7 . 0 3 0 . 6  9 5 . 7 3 5 . 4 7 3 .  s 2 3 . l  
e . 2 0 2 . s o  2 . 7 6 0 . 8 4 7 0 . 5 2 1 . 4 7 4 . 2 2 3 . 4 5 1 . 0 1 0 . 6 54 . 5  1 2 . 5  
1 3 . 1 2  4 . 0 0  5 . 5 1  1 . 6 8 1 1 . 5  2 1 .  9 n . o  2 2 . 8 4 9 . 0  9 . 4 5 1 . 0 1 0 . b  
2 2  .. 9 7  1 . 0 0  5 . 5 1  1 . 6 8 7 3 . 0  2 2 . a  7 4 . 9  2 3 . 8  s o . s  1 0 . 3  5 2  .. 5 1 1 . 4  
3 2 . 4 8 9 . 9 0  5 . 0 8 1 . 5 5 7 0 . 5 2 1 . 4 7 4 . 8  2 3 . 8 4 9 . 0  9 . 4 5 l . O  1 0 . 6 
BAF F LEO R l D G c  V E N T , NORT H W I N D  
o . o  o . o 0 . 5 2 0 .·1 6 as . a  2 '1 . '• 9 7 . 6 3 6 . 4 6 b . U  1 8 . 9 74 . 5  2 3 . � . 
3 . 2 8  i . o o  0 . 49 0 . 1 5 8 7 . 0  3 0 . 6  1 0 6 . 8 4 1 . 5 7 5 . 0 2 3 . 9  
4 . 9 2  1 . 5 0  1 . 8 4 0 . 5 6 1 0 . 0  2 1 . 1 7 8 . 0  2 5 . 6  49 . 5  9 . 7  5 7 . 5  1 4 . 2  
6 . 5 6  2 . 0 0 2 . 0 0 0 . 6 1  - 8 7 . 5  3 0 . 8 9 4 . 0  3 4 . 4  1 2 . s 2 2 . 5  
a . 2 0  2 . 5 0 2 . 4 9 0 . 7 6  7 0 . 5  2 1 . 4 1 4 . a · 2 3 . 8  5 1 .  0 1 0 . 6  5 4 . 5  1 2 . 5 
n . 1 2  4 . 0 0  2 . 0 0 0 . 6 1 1 2 . 0  2 2 . 2 7 4 . 6  2 3 . 7  4 9 . 0 9 . 4 5 1 . 5  1 o .  ti 
2 2 . 9 7 1 . 0 0  1 . 1 8  2 . 1 9 7 3 . 0 2 2 . 8 7 6 . 2  2 4 . 6  5 1 . 0  1 0 . 6  5 3 . 0 1 1 .  7 
3 2 . 4 8  9 . q o  s . s o 2 . 5 9 1 0 . 0  2 1 . 1  T O .  5 2 1 • 4  4 13 .  5 9 . 2  s o . o  l O . O  
OV E R L A P P E D  R I DG E  V E N T , N OR T H  W I ND 
o . o  o . o 0 . 1 6 0 . 0 5 8 6 . 0  3 0 . 0  1 0 0 . 0 3 7 . 8  6 6 . 5  1 9 . 2  7 5 . 5  2 4 . :?  
3 . 2 a  l . o o  0 . 4 9 0 . 1 5  8 7 . 0  3 0 . 6 1 0 3 . 7  3 9 . 8  7 5 . o  2 3 . 9  
4 . 9 2  1 . 5 0 2 . 5 9 0 . 79 1 0 . 0 2 1 . 1  8 0 . 4 2 6 . 9 4 9 . 0  9 . 4 5 7 . J  1 3 . 9  
6 . 5 6 2 . 0 0 2 . � o 0 . 7 6 8 8 . 0  3 1 . l  9 4 . 9  · 3 4 . 9  1 0 . 0  2 1 . 1  
8 . 2 0 2 . s o 3 . 5 1 1 . 0 7 . 1 1 . 0  2 1 . 7 7 6 . 2 2 4 . 6  S l . O  1 0 . 6 5 6 . 0  1 3 .  3 
1 3 . 1 2  4 . 0 0  2 . 1 0 0 .. 6 4  7 2 . 5 2 2 . s  7 5 . 8 2 4 . 3  4 9 . 0  9 . 4  s 1 .  0 1 0 . 6  
2 2 ". 9 7 1 . 0 0 8 . o o 2 . 4 4  7 4 . 0 2 3 .  3 7 7 .  3 2 5 . 2 5 1 .  0 1 0 • . 6 5 3 . 5  1 1 . 9  
32 . 4 8  9 . 9 0  9 . 9 7  3 . 0 4 n . o 2 1 . 1 . 7 4 . 5  2 3 . 6 4 9 . 5  9 . 7 5 1 . 0  1 0 . 6  
COV E R E D  R I D G E  V E N T , NORT H W I N D 
o . o  o . o  0 .  1 6  0 . 0 5 8 6 . 0 3 0 . 0  1 0 3 . 2  3 9 . 5  6 5 . 0  1 8 . 3 7 2 . 5  2 2 . 5 
3 . 2 8  l . o o  0 . 4 9  0 . 1 5  8 6 . S  3 0 . 3 1 0 0 . 1 3 7 . 8  7 5 . Q  2 3 . 9 
4 . 9 2 1 . 5 0 1 . 0 2 Q . 3 1 7 0 . 0  2 1 . 1 8 1 . 6 2 7 . 5  5 0 . 0  1 0 . 0  5 8 . 0 1 4 . 4  
6 . 5 6 2 . 0 0  o .  8 9  o .  2 1  8 8 . 0  3 1 . l  9 7 .  4 3 6 . 3 6 9 . 5 2 0 . 8  
a . 2 0 2 . 5 0  l . 6 1  0 . 4 9 1 1 . 0  2 1 . 1  1 1 . 2  2 5 . l 5 1  . • 0 1 0 . 6  5 5 . S  1 3 . l  
1 3 . 1 2  4 . 0 0  2 .  1 0  0 . 6 4 7 3 . 0  2 2 . 8 7 6 . 6 2 4 . 8 49 . 5 9 . 7 5 1 . 0  1 0 . o  
2 2 . 9 7  7 . 0 0  4 . 4 9 1 . 3 7 7 4 . 0 . 2 3 . 3  7 8 . 3  2 5 • ., 5 1 . 5  1 0 . 8  5 3 . 5 1 1 . 9 
3 2 . 4 8  9 . 9 0  5 . 1 8  l .  5 8  . 1 1 . 0  2 1 .  1 7 4 . 6 2 3 .  7 4 9 . 5  9 . 7  5 1 . 0  1 0 . 6  0\ 
w 
TABU! l 
(Co:itinu� ) 
W I N D V E L O C I T Y  OU T L E T  V E L O C I T Y  O U T S I D E OR Y B U L B  I N S I D E O R Y  BU L B  OU T S I D E W E T  BU L B  I N S I D E  W E T  B UL B 
T E M P E R A T U R E  T E M P E R A T U R E  T E M P E R A T U R E  T E M P E R A T UR E  
F P S M P S  F P S  M P S  D E G  F D E G  C D E G  F D E G  C D E G  F D E G  t O E G  F U E G  C 
O P E N  R I D G E  V E N T , N 2 2 . 5 W W I N O 
o . o  o . o  0 . 49 0 . 1 5 . 8 5 .  0 2 9 . 4 9 2 . 4  3 3 . 5 6 6 . 5  1 9 . 2 7 4 . 0  2 3 . ) 
3 . 2 8 1 . 0 0  l . 6 1 0 . 4 9  B b . O  3 0 . 0 9 5 . 0 3 5 . 0 1 0 . 0  2 1 . 1  
4 . 9 2  1 . 5 0 2 . 2 6 0 . 69 6 7 . 0 1 9 . 4  7 7 . 8  2 5 . 4 4 9 . 0 9 . 4  5 6 . 0  1 3 . 3  
6 . 5 6  2 . 0 0  2 . 4 q 0 . 1 &  9 1 . 0 3 2 . 8 1 0 3 . 8  3 9 . 9  1 0 . 0  2 1 . 1  
8 . 2 0 2 . so 2 .  7 6 0 . 8 4 6 8 . 5  2 0 . 3  7 7 . 4  2 5 . 2  4 7 . 5  8 . 6 5 3 . 0  1 1 . 1  
1 3 . 1 2 4 . 0 0 4 .  49 1 . 3 7 1 1 . 0  2 1 . 7 7 5 . 7  2 4 . 3 4 8 . 5  9 . 2 5 1 . 0 1 0 . 6 
2 2 . 9 7  1 . 0 0  5 . 0 8  1 . 5 5 7 2 . 5  2 2 . s 7 6 . 5 2 4 . 7  4 8 . 5  9 . 2 5 2 . 0 1 1 . 1 
3 2 . 4 8 9 . 9 0 6 . C O l . 8 3  1 1 . 0 2 1 . 7 1 5 . 5  2 4 . 2  s o . o  1 0 . 0  5 2 . 0  1 1 . 1  
B A F F L E D  R I D G E  V E N T ,  N 2 2 . 5W W l N O 
o . o  o . o o .  5 2  0 . 1 6 8 5 . 0  2 9 . 4 9 7 . 6 3 6 . 4 6 6 � 0  1 8 . 9  74 . 5  2 3 . 6 
3 . 2 8 1 . 0 0  2 . 2 6 0 . 69 8 6 . 5  3 0 . 3 9 9 . 7 3 7 . 6 1 0 . 0  2 1 . 1  
4 . 9 2  l . 5 0 2 . 9 5 0 . 9 0 6 9 . 5  2 0 . 8 7 9 . 5  2 6 . 4 s o . a  1 0 . 0 , .  s a . o  1 4 . 4  
6 . 5 6  2 . 0 0 4 .  'i 9  1 . 3 7 - � o .  5 3 2 . 5 1 0 1 . 3  3 8 . 5 1 0 . 0  2 l .  l 
e . 2 0 2 . s o 3 . 9 0 l . 1 9 6 8 . 0  2 0 . 0  7 6 .  3 . 2 4 . 6  4 7 . 5  8 . 6 5 2 . 5  l l  . 4  
1 3 . 1 2 4 . 0 0  5 . 0 8  1 . 5 5 1 1 . 0  2 1 .  7 7 5 . 0  2 3 .  9 4 8 . 0  8 . 9 5 1 . 0  1 0 . 6 
2 2 . 9 7 1 . 0 0 6 . 2 0 1 . 8 9 72 . 5 2 2 .  5 7 5 . 9  2 4 . 4  4 8 . 5  9 . 2  5 2 . 0 1 1 . l 
3 2 . 4 8  9 . 9 0  7 . 6 1 2 . 3 2 1 1 . 0 2 1 . 1  7 4 . 9  .23 4  8 5 0 . 0  1 0 . 0 5 2 . 0  1 1 . 1 
OV E R t A P P E O  R I D G E  V E N T ,  N 2 2 . � W W I N D 
o . o  o . o  0 . 1 6 o . o s 8 b . O  3 0 . 0  1 0 0 . 0  3 7 . 8 6 6 . 5 1 9 . 2 7 5 . 5 2 4 . 2 
3 . 2 8 i . o o  2 . 1 0 0 . 6 4 8 7 . 0  3 0 . 6 1 0 3 . 4  3 9 . 7 1 0 . 0 2 1 . 1  
4 . 9 2  1 . 5 0 3 . 1 2 0 . 9 5 7 0 . 0 2 1 . 1 8 0 . 3 2 6 . 8 5 0 . 0  1 0 . 0  5 7 . 5 1 4 . 2 
6 . 5 6 2 . 0 0  3 . o o 0 . 9 1  9 0 . 5  3 2 . 5 9 9 . 4  3 7 . 4 1 0 . 0  2 1 . 1  
a . 2 0 2 . s o 4 . 9 9 1 . 5 2 6 8 . 5  2 0 . 3  7 5 . 4  2 4 . l 4 7 . 0  8 . 3 5 2 . 0  1 1 . 1  
u . 1 2  4 . 0 0  6 .  5 6  2 . 0 0 1 1 . 0  2 1 . 1 7 3 .  5 2 3 . 1 4 8 . 0  8 � 9 so . s  1 0 . 3  
2 2 . 9 7  1 . 0 0  6 . 3 0 i . n  " 7 2  . 5  2 2 . 5  1 5 . t 2 3 . 9  4 8 . 5 9 . 2  . · 5 2  . o  1 1 . 1  
3 2 . 4 8 9 . 9 0  8 . 7 6 2 . 6 7 7 0 . 5  2 1 . 4  7 3 . 5  2 3 . 1 4 9 . 5 9 . 7 5 1 . 5  1 0 . 6  
COV E R E D  R I DG E  V EN T , N 2 2 . 5H H I N D  
o . o  c . o 0 . 1 6 0 . 0 5 8 6 . 0  3 0 . 0 1 0 3 . 2  3 9 . 5 6 5 . 0 . 1 8 .  3 7 2 . 5  2 2 . 5 
3 • .2 8  l . o o  o . 6 9 o .  2 1  a u . o  3 1 . 1 1 0 6 . 9  4 1 . 6 6 9 . 5 2 0 . a  
4 . 9 2 1 . 5 0 1 . 3 1  0 . 4 0 7 0 . 0  2 1 . 1  8 0 . 5 2 1 . 0  5 0 . 0 1 0 . 0  5 8 . 5  1 4 . 7 
6 . 5 6 2 . 0 0  0 . 4 9 o .  l 5 9 0 . 0  3 2 . 2  9 7 . 2. 3 6 . 2 1 0 . 0  2 1 . 1  
a . 2 0 2 . 5 0  l .  8 4  0 . 5 6 6 8 . 0  2 0 . 0  7 2 . 8  2 2 . 1  4 b . 5  8 . 1  ·s o . a  i o . o  
1 3 . 1 2  4 . 0 0 3 . 1 2 0 . 95 7 0 . 0  2 1 . 1 7 0 . 6 2 1 . 4 4 7 . 5  8 . 6 4 9 . S  9 . 7  
2 2 . 9 7 1 . 0 0  4 . 0 0 1 . 2 2 1 2 . 0 2 2 .  2 . n . a  i 3 .  2 4 8 . 5  9 . 2  s 1 . 0 1 0 . 6  
3 2 . 4 8 9 . 9 0  3 . 9 0 1 . 1 9 1 0 . 0  2 1 . 1 7 1 . 4  2 1 . 9  4 9 . 0  9 . 4 5 1 . 0  1 0 . 6 0\ .+:"" 
I• 
TABLE l 
(Conthued) 
W I N O V E L O C  I T V  O U T L E T V E L OC I T V  O U T S I D E O R V  B U L B  I N S  I U E  O R V  BU L B  
T E tJ. P E R A T U R E  T E M P E R A T U R E  
F P S  M P S  F P S  M P S  D E G  F D E G  C D E G  F D E G  C 
O P E N  R I D G E  V E N T , N 4 5 W  W I NO 
o . o  o . o 0 . 49 0 . 1 5 8 5 . 0 2 9 . 4  9 2 . 4 3 3 . 5 
3 . 2 8 l . o o  Q ;. 9 5 0 . 2 9 8 8 . 0  3 1 . 1  1 0 8 . 6  4 2 . 6 
4 . 9 2  1 . 5 0 1 . 8 0 o . s s 6 9 . 5 2 0 . s  8 0 . 5  2 6 . 9 
6 . 5 6 2 . 0 0  1 . 2 5  0 . 3 8 8 7 . 0  3 0 . 6 q 5 . 3  3 5 . 2 
a . z o z . 5 0 2 . 0 0 0 . 6 1  6 9 . 0  2 0 . 6 7 8 . 1 2 5 . 6  
1 3 . 1 2  4 . 0 0 5 . 5 1  1 . 6 A 7 1 . 5  2 1 . 9  7 2 . 0  2 2 . 2  
2 2 . 9 7  1 . 0 0  2 . 69 0 . 8 2  7 3 . 0 2 2 . 8  7 5 . 3  2 4 . l 
3 2 . 4 8 9 . 9 0  5 . 9 1  l . 8 0 7 0 . 0  2 1 . 1  7 1 .  3 2 1 . a  
B A F F L E D  R I D G E  V E NT , N 4 SW W I N D  
o . o  o . o o . s z 0 . 1 6  8 5 . 0  2 9 . 4  9 7 . 6  3 6 . 4  
3 . 2 8 1 . 0 0  1 . 3 1 0 . 4 0 8 8 . 0 3 1 . 1 1 0 6 . 3  4 1 . 3 
4 . 9 2 1 . 5 0  2 . 3 6  o .  7 2  6 9 . 5 2 0 . e  7 9 . 5 2 6 . 4 
6 . 5 6 2 . 0 0  2 . 7 9 0 . 8 5 - 8 7 . 0  3 0 . 6  9 7 .  8 3 6 . 6  
8 . 2 0 2 . 5 0  2 . 9 2 0 . 8 9 6 9 . 0 2 0 . 6  7 8 . 5  2 5 . 8  
1 3 . 1 2  4 . 0 0 6 .  3 0  1 . 9 2 7 2 . 0  2 2 . 2  7 4 . 4  2 3 . 6  
2 2 . 9 7  1 . 0 0  4 . 0 0 1 .  2 2  7 3 . 5 2 3 . l 7 T  . 2  2 s . 1 
3 2 . 4 8  9 a </ O  6 . 9 9 2 .  1 3  7 1 .  5 2 1 . 9  7 4 . 4  .2 3 .  6 
OV E R L A P P E D  R I DGE V E N T ,  N 4 5 W  W I N O 
o . o  o . o 0 . 1 6 o . o s 8 6 . 0 3 0 . 0  1 0 0 . 0 3 1 . B  
3 . 2 8 1 . 0 0 t .  7 1  o . s z 8 8 . 0  3 1 . l 1 0 1 . 0  3 8 . 3  
4 . 9 2 l . s o  2 . 1 2  0 . 8 3 6 9 . 0  2 0 . 6 7 8 . 6  2 5 . 9  
6 .  5 6  2 . 0 0  l . 6 1  0 . 49 8 7 . 5  3 0 . 8  9 9 . 5 3 7 . 5  
e . 2 0 2 . 5 0 4 . 0 0 l .  2 2  6 9 . 5  z o . a 7 9 . 0 2 6 . l 
1 3 . 1 2  4 . 0 0  6 . 4 0 l . 9 5 7 2 . 0  2 2 . 2  7 5 . 2  2 4 . 0  
2 2 . n  7 . 0 0  5 .  '.> 1 t . 6 8 7 4 . 0 2 3 . 3 7 7 .  9 2 5 . 5 
3 2 . 4 S 9 . 9 0 6 . 7 6 2 . 0 6 J2 . o  2 2 . 2  . .  7 5 . 7 2 4 . 3 
C OV E R E D  R I D G E  V E N T t N 4 5W W l N O  
o . o  o . o  0 . 1 6  0 . 05 8 6 . 0  3 0 . 0 1 0 3 . 2  3 9 . 5 
3 . 2 8  l . o o  l .  1 1  0 . 3 4 8 8 . 0  3 1 . 1  9 6 . 2 3 5 . 7  
4 . 9 2 1 . 5 0 0 . 6 9 0 . 2 1  6 8 . 5  2 0 . 3  7 5 . 8  2 4 . 3 
6 .  s o  2 . 0 0  0 . 9 8 o . 3 o 8 8 . 0  3 1 . l 1 0 0 . 6  3 8 . l  
a . 2 0 2 . s o  0 . 9 8 a . J o 6 9 . 5  2 0 . s  7 9 . 4  2 6 . 3 
1 3 . 1 2  4 . 00  3 . 2 8  1 .  0 0  72 . 0 2 2 . 2  1 5 . 4 2 4 . 1 
2 2 . 9 7 1 . 0 0 2 . 76 0 .- 8 4 7 4 . 0  2 3 .  3. 7 8 . 6  · 2 5 . 9  
3 2 . 4 8 9 . 9 0 2 . 9 9 o .  9 1  1 2 . 0 2 2 . 2  7 6 . 8 2 4 . 9 
o u r s I D E W E T  DUL � 
T E M P E R A T URE 
D E G  F D E G  C 
6 6 . 5  1 9 . 2  
6 7 . 0 1 9 . 4  
4 8 . 5  9 . 2 
6 .9 . 0  2 0 . 6  
4 8 . 0  8 . 9 
4 9 . 0  9 . 4 
4 9 . 0  9 . 4 
4 9 . 5 9 . 7 
6 6 . o 1 8 . 9  
6 7 . 0  1 9 . 4  
4 8 . 5 9 . 2  
6 8 . 5 2 0 . 3 
4 8 . 5 9 . 2  
4 9 . 0  9 . 4 
'• 9 .  0 9 . 4 
5 0 . 5  1 0 . 3  
6 6 . 5  1 9 . 2 
6 7 . 0  1 9 . 4 
4 6 . 0 8 . 9 
6 8 . 0  2 0 . 0  
4 8 . 5  9 . 2  
4 9 . 0  9 . 4 
4 9 . 0 9 . 4 
5 1 . 0 1 0 . 6  
6 5 . 0  1 8 . 3  
6 7 . 0  1 9 . 4  
'• ., . 5 8 . 6 
6 8 . 0  2 0 . 0  
't 9 . 0 9 . 4 
'•9 .  5 9 . 1  
4 9 . 0 9 . 4 
5 1 .  0 1 0 . 6  
I N S  I O E  W e  T B U L B  
T E MP E R A T U R E  
D E G  F 
74 � 0  
. .  
5 7 . 0 
- • v 
5 3 . 0  
5 1 . 0  
5 1 . 0 
5 1 . 5  
74 . 5  
5 7 . 0  
�. . : 
5 3 . 5 
5 1 . 0 
5 1 . 0  
� 2 - �  
7 5 . 5  
5 5 . 0  
5 3 . �  
· 5 1 . 0 
5 1 . �  
5 3 . 0  
7 2  . s  
5 3 . 0 
5 4 . 5 . 
50 . 5  
5 2 . 0  
5 3 . �  
D E G  C 
2 3 . 3  
,,,. .. . .  
1 3 . 9  
� ... � ;,.. 
1 1 .  7 
1 0 . 6 
1 0 . 6  
1 0 . 8 
2 3 . 6  
1 3 . 9 
1 1 . 9  
1 0 . 6  
1 0 . 6  
1 1 . 4  
2 4 . 2  
1 2 . �  
1 1 . q  
1 0 . 6  
1 0 . 8  
1 1 .  7 
z 2 . s  
1 1 .  7 
1 2 . 5 
l 0 . 3 
1 1 . 1 
1 1 . 9  0\ 
\J1 
TABLE 1 
(Continued) 
W I N O V Et. OC l T Y  OUTL E T  V E t. OC I T Y  OUT S I D E O R Y  B U L S  I N S I D E O R Y  �U L B  OU T S I D E WE T B U L O  I N S I O I: W E T BUL B 
T E M r> E R A T UR E  T E M P E R A T U R E  T E � P E R A T U KE T E MP E R A T UR E  
F P S  M PS F P S  MP S D E G  F O E G  C D E G  F D E G  C O E G  F D t: G  C D E G  F O E G  C 
O P E N  R I D G E  V EN T , S 2 2 . 5 E W I NO 
o . o  o . o 0 . 4 9 0 . 1 5  8 5 . 0  2 9 . 4  9 2 . 4  3 3 . 5 6 6 . 5  1 9 . 2 7 4 . 0  2 3 . 3 
3 . 2 8  1 . 0 0  1 •9 0  o . 5 a 8 5 . 0  2 9 . 4 n .  3 3 3 .  5 6 3 . S  1 7 . 5  
4 . 9 2  i . 5 0  3 . 2 1  0 . 9 8 7 0 . S  2 1 . 4  7 2 . 9  2 2 . 1  5 0 . 0  1 0 . 0 5 2 . 0  1 1 . 1  
6 . 5 6 2 . 0 0  3 . 4 4 1 . 0 5 8 2 . 5  2 8 . l 8 4 . S 2 9 . 2  6 3 . S 1 7  . s  
s . 2 0 2 . 5 0 4 .  5q 1 . 40 7 1 . 0 2 1 . 1  7 3 . 5  2 3 . l 5 1 . 0 1 0 . 6 5 3 . 0  1 1 .  7 
1 3 . 1 2 4 . 0 0  6 . 50 1 . 9 8 7 6 . 5  2 4 . 7  . 7 7 .  6 2 5 . 3 5 3 . 5  1 1 . 9 5 5 . 5  1 3 . l 
2 2 . 9 7  1 . 0 0  a . o o 2 . 4 4 6 8 . 0  2 0 . 0 7 0 . 4 2 1 . 3  4 tl . O  8 . 9 49 . 0  9 . 4  
3 2 . 4 8  9 . 9 0  1 0 . 0 l  3 . 0 5 7 3 . 0  2 2 . s  7 3 . 0  2 2 . s  5 2  .• 0 1 1 . 1  5 .3 . 0 1 1 .  f 
�AF F L E O  R I D G E  V E N T , 5 2 2 . SE W I N D  
o . o  o . o  0 . 5 2 0 . 1 6 8 5 . 0 2 9 . 4  9 7 . 6 3 6 . 4 6 b . O  1 8 . 9 7 4 . 5  2 3 . 6 
3 . 2 8 1 . 0 0 2 . 0 0 0 . 6 1  8 2 . 0  2 7 . 8  9 0 . 9 3 2 .  7 6 2 . 5  · 1 6 .  9 
4 . 9 2 1 . 5 0 3 . 5 1  1 . 0 7  1 1 . 0 2 1 .  7 7 3 . 5  2 3 . 1 5 0 . 0  1 0 . 0  n . o  1 1 . 1 
6 . 5 6  2 . 0 0 4 . 0 0 1 . 2 2 - 8 2 . 0 2 7 . 8  8 2 . 3 2 7 . 9 6 3 . 0  1 7  . 2  
s . 2 0 2 . 5 0 5 . 5 1  1 . 6 8 7 1 . 0 2 1 . 7  n . 2 · 2 2 . 9  5 0 . 5 1 0 . 3  5 3 . 0  1 1 .  7 
1 3 . 1 2  4 . 0 0  8 . 40 2 . 5 6 7 6 . S  2 4 . 7 7 7 . 2  2 5 . 1 5 4 . 0  1 2 . 2 5 6 . 0  1 3 . 3 
2 2 . 9 7 1 . 0 0  1 2 . 4 7 3 . a o  6 7 . 0  1 9 . 4  6 9 . 9  2 1 . 1  4 7 . 0  8 . 3  4 9 . 0  9 . 4 
32 . 4 8  9 . 9 0  1 2 . 4 7 3 . 8 0 7 3 . 0  2 2 . s  7 2 . 6 2 c. 6  5 2 . o  1 1 . 1  5 3 . 0  1 1 . 7 
OV E RL A P P E D  R I DG E  V E N T ,  S 22 . 5 E W I ND 
o . o  o . o 0 . 1 6  o . o s 8 6 . 0  3 0 . 0  1 0 0 . 0  3 7 . 8 6 6 . 5  1 9 . 2  7 5 . 5  2 4 . 2 
3 . 2 8 1 . 0 0  1 . 6 1 0 . 4 9 8 4 . 0 2 8 . 9  9 0 . 0 3 2 . 2 6 3 . 0  1 7 . 2  
4 . 9 Z 1 . � o 2 . 5 6 0 . 1 8 n . o  2 1 .  7 7 5 . 5 2 4 . 2 4 9 . 5  9 . 7  52 . 5  1 1 . 4  
6 . 5 6 2 . 0 0  3 . 5 1  1 .  0 7  1 n . o  2 8 . 3 8 s .  5 2 9 . 7  6 4 . 0  l 7  . 8  
8 . 2 0 2 . s o 4 .  59 l . 40 1 1 . 0 2 1 . 1 7 3 . 2 2 2 . 9  5 0 . 5 l 0 . 3 5 3 . 0  1 1 . 7 
1 3 . 1 2  4 . 0 0 5 . 5 0 1 .  6 8  7 5 . 0  2 3 . 9  7 5 . l 2 3 .  9 5 4 . 0  1 2 . 2  5 6 . 0  1 3 . 3 
� � . 9 7 1 . 0 0  6 . 5 0 1 . 98 6 8 . 0  2 0 . 0 6 9 . l 2 1) . 6 4 7 . 0 8 � 3 · 4 9 . 0 9 . 4  
3 2 . 4 8 9 . 9 0  7 . 7 1  2 . 3 5  7.3 . 0  2 2 . a 1 2 . 1 2 2 . 3 5 2 . 0  1 1 . 1 5 3 . 0 1 1 .  7 
COV E RE D  R I DG E  V E N T , s 2 2 . se W I N D  
o . o  o . o 0 . 1 6  0 . 0 5 8 6 . 0  3 0 . 0  1 0 3 . 2 . 39 . 5 6 5 . 0  1 8 . 3  7 2 . 5  2 2 . 5 
3 . 2 8  i . o o  l . �4 0 . 4 7 8 .3 . 0 2 1:! .  3 a s . 2  . H . 2  6 4 . � 1 8 . l  
4 . 9 2 l . 5 0  2 . 5 0 o .  76 n . o  2 1 . 7  7 6 . 9  2 4 . 9  4 9 . 5 9 . 7 5 2 . 5 1 1 . 4  
6 . 5 6 2 . 00 2 . 9 9 o �  9 1  8 3 . 5  2 8 . 6  8 6 . 3 3 0 . 2  6 4 . 0  1 7  . s  
e . 2 0  2 . 5 0 4 . 59 1 . 4 0 7 1 .  0 2 1 . 1 7 3 . 1 2 2 . s 5.0 * 5 1 0 . 3  5 3 . 0  1 1 .  7 
1 3 . 1 2  4 . 0 0  5 . 0 0  1 - 5 2 n . o  2 4 . 4  "f 6 .  5 2 4 . 7  5 4 . 0  1 2 . 2 5 6 - 0  1 3 . 3 
2 2 . 9 7  7 . 0 0  7 . 2 5 2 . 2 1  6 8 . 0  2 0 . 0 (> 8 .  l ·  2 0 . l 4 7 . 0  8 . 3  4 8 . 5 9 . 2  
3 2 . 4 8 9 . 9 0  7 . 5 1  2 . 2 9 1 2 . 0  2 2 . 2 1 1 . 3  2 1 . a  s 1 . o 1 0 . 6  5 3 . 5  l l . 9 0\ 0\ 
APPENDIX D 
ANALYSIS OF COVARIANCE TABLES · 
TABJJE 2 
ANALYSIS OF COVARIANCE FOR TEST OF HOMOGENITY 
OF REGRESSION "COEFFICIENTS 
Wind di rect ion 
North 
N 22 . 5° W 
N 45° W 
S 22 . 5° E 
Residuals from indiv . regres s ions 
Tot als for single regres sion 
Di fference for homogenity 
df 
31 
31 
31 
31 
Test for homogenity of regres s io� coe ffi cients : 
*Signi fi cant at the 1% level 
Total SS 
216 . 56 
15 5 . 24 
136 . 85 
336 . 47 
f( 3 , 120 ) 
df 
30 
30 
30 
30 
120 
123 
3 
Reduced SS 
52 . 20 
51 . 40 
59 . 24 
71 . 74 
2 34 . 58 
266 . 94 
32 . 36 
O'\ 
°' 
TABLE 3 
ANALYSIS OF COVARIANCE FOR TEST OF HOMOGENITY 
OF REGRESSION COEFFICIENTS 
Ridge Vent 
I Open 
II  Baffled · 
III Overlapped 
IV Covered 
Residuals from indiv . regre s sions 
Tot als for single regres s ion 
Di ffe rence for homogenity 
df 
31 
31 
31 
31 
Test for homogenity o f  regres s ion coeffic ient s : 
++sign i ficant at the 5% level 
Total SS 
·177 . 68 
324 . 5 5 
226 . 85 
126 . 23 
855 . 31 
df 
30 
30 
30 
30 
120 
123 
3 
F ( 3 ,'120 ) - 22 . 18/ 3 = 3 5 3++ - 251 . 63/120 • 
Reduced SS 
59 . 5 3  
100 . 83 
4 3 . 67 
47 . 60 
251 . 63  
27 3 .  81 
22 . 18 
0\ \0 
